Abstract: Methods of numerical taxonomy, i.e. Cluster Analysis, Principal Component Analysis (PCA), Discriminant Function (DF) and Correspondence Analysis (CA), have been used to analyse 132 Operational Taxonomic Units of Potentilla subsect. Collinae. Among 53 morphological characters (20 quantitative and 33 qualitative), the most useful appeared following: bent inflorescence, flower diameter, width of epicalyx segments, length and width of petal, length ratio of calyx to petals, length ratio of calyx to epicalyx segments, shape of carpel style, presence of basal leaves during flowering, number of leaflets on basal leaves, upper and lower surfaces of leaf blades, pattern of pubescence of calyx, nervation of leaves as well as number and size of teeth of the central leaflet. The following taxa were distinguished in the investigated subsection: P. collina Wibel s.str.; P. thyrsiflora Hülsen ex Zimmeter; P. silesiaca R. Uechtr.; P. wimannania Günther et Schummel; P. leucopolitana P.J. Müll.; P. karoi R. Uechtr. ex Zimmeter; P. schultzii P.J. Müll. ex F. W. Schultz; P. koernickei R. Uechtr. ex Zimmeter; P. leucopolitanoides B locki; P. ×sholziana Callier; P. leucopolitana P.J. Müller × P. incana P. Gaertner, B. Meyer & Scherb.); P. ×tynieckii B locki(P. argentea L. × P. leucopolitana P.J. Müll.).
Introduction
The Potentilla sect. Terminales subsect. Collinae Juz. was divided into many units of various rank. Differences in the number of distinct species were related to varying concepts of species as such. In Flora Europaea (Ball et al. 1968 ) P. subsect. Collinae is treated as the numbered species P. collina (s. lato), under which 12 taxa are listed without numbering and at the species level. On the other hand, Gerstberger (2002) lists 12 taxa within the P. subsect. Collinae (including one -as a possible "P. collina-Sippe"), while Kurtto et al. (2004) lists 14 species in Europe.
In Poland five species, four varieties and forms of the P. subsect. Collinae have been identified, i.e. P. collina Wibel; P. thyrsiflora Hülsen ex Zimmeter; P. silesiaca R. Uechtr; P. wimannania Günther & Schummel; P. leucopolitana P.J. Müller; P. l. var. karoi (Zimmeter) Ascherson et Graebner; P. l. var. schultzii (P.J. Müller ex F.W. Schultz) T. Wolf, nom. illeg. (Art. 32 .1 of the Code); P. l. var. schultzii (nom. illeg.) f. koernickei (Zimmeter) T. Wolf (Wolf 1908; Szafer & Paw lowski 1955; Mirek et al. 2002; Gerstberger 2002; Kurtto et al., 2004) .
Identification of most of the taxa from P. subsect. Collinae is based on the length ratio of calyx to petals, the number of leaflets on basal leaves, the pattern of pubescence of upper and lower surfaces of leaf blades (Wolf 1908; Ascherson & Graebner 1904 -1905 Juzepczuk 1941; Ball et al. 1968; Borhidi & Isépy 1965; Soják 1995) . Moreover, in the recent years the morphology of achenes (Ko lodziejek & Gabara 2007) in addition to anatomy of leaves (Ko lodziejek & Gabara 2003) has been a useful tool in their identification.
However, apart from descriptions of anatomy of achenes and leaves, no morphological studies of P. subsect. Collinae have been carried out in Poland. Therefore, the aim of the present paper was to analyse in detail the morphological variability of P. subsect. Collinae, to distinguish and characterise the individual taxa.
Material and methods
Plants of Potentilla subsect. Collinae originated from the following herbaria in Poland: BP, BREM, KRA, KRAM, KTU, LBL LE, LOD, POZ, PR, PRC, TRN, WA, WSRP, WRSL -for abbreviations see Holmgren et al. (1990) . Plants collected in natural environment in Poland were also the object of the present study.
Analysis of 53 morphological characters (20 quantitative and 33 qualitative) described in Table 1 was performed on dried material from 132 individuals.
In numerical analysis, individuals were regarded as Operational Taxonomic Units (OTUs). Some of them were binary (zero-one) and some quantitative or qualitative multistate (Stace, 1989) . Leaf dimensions were defined according to description in Fig. 1 .
The morphometric analyses of all characters were performed in the following order:
Quantitative characters: 1. Cluster Analysis with Ward's Minimum Variance Cluster method based on City-block (Manhattan) distance. c 2010 Institute of Botany, Slovak Academy of Sciences The aim of this analysis was preliminary segregation of the material to distinguish groups of studied OTUs. 2. Principal Component Analysis (PCA) based on the correlation matrices for taxa.
3. Discriminant Analysis (DA) classification matrix to evaluate the correctness of a priori distribution of OTUs within respective taxa.
Qualitative characters: 4. The qualitative characters were separately analysed with the method of Correspondence Analysis (CA) for the selection of best characters differentiating taxa.
The software package STATISTICA PL. ver. 5 (STAT-SOFT INC., 1997) was used for all mentioned numerical analyses.
Results

Cluster analysis
On the basis of Cluster Analysis, two main clusters divided into several subclusters were distinguished within the P. collina group (Fig. 2) . The major OTU cluster on the left-hand side of the graph encompasses tall plants with big flowers (more than 12 mm in diameter), with basal leaves with long, narrow and irregular teeth. The central tooth of basal leaves protrudes further than the lateral teeth. Pubescence of upper leaf surface is weak. In this cluster, starting from left, are included the following taxa: P. thyrsiflora, P. wimannania and hybrid P. argentea × P. leucopolitana.
On the other hand, the major cluster on the righthand side includes shorter plants, with flowers less than 12 mm in diameter and with basal leaves with short, regular teeth. The central tooth of these leaves is equal to or shorter than the lateral teeth. This group includes, starting from right, the following taxa: P. collina, P. leucopolitana, P. leucopolitana × P. incana, P. ×sholziana and P. silesiaca.
Within the P. leucopolitana taxa, conspicuous phenetic groups are distinguished which can be classified to the following varieties: P. karoi, P. schultzii and P. leucopolitanoides.
Principal Component Analysis (PCA)
On the basis of PCA, a group of 8 quantitative characters was selected which were most useful to establish differences between studied OTUs ( Table 2 ). The best separation of groups is achieved along PC1 and PC2 axes (Fig. 3) . The three component axes, i.e. PC1, PC2 and PC3, explain properly 61% of the total variance: the first component -31% of the variation, the second -19% and the third one -11%. The highest loading value for the first principal component was diameter of 
Discriminant Function (DF)
Application of discriminant analysis after comparing the observed and predicted classifications using classification matrices (Table 3) has shown significant phenetic coherence of individual OTUs. The percentage consistence in these comparisons equalling 85-100% attests to the high phenetic coherence of taxa. The group of most distinct taxa includes P. thyrsiflora, P. silesiaca and P. ×sholziana -for all of them the percentage of correctly classified specimens was 100%. On the other hand, highest variability was shown by the hybrid P. argentea × P. leucopolitana (71.4% of correctly classified OTUs). The ordination of OTUs along the first three DFs (Fig. 5a, b ) is in concordance with the results of classification. Discriminant Function DF1 differentiates two major groups: 1/ on the left-hand side includes P. wimanniana, P. thyrsiflora and P. argentea × P. leucopolitana, while 2/ on the right-hand side -the remaining 7 taxa. DF2 in its turn represents the phenetic distinctiveness of P. collina which is a taxa of high phenetic coherence which reaches a value of 93.75% correctly classified OTUs in the investigated material, while DF3 represents the phenetic distinctiveness of P. leucopolitana × P. incana with 100% phenetic coherence in the investigated material (Table 3) .
Correspondence Analysis (CA)
On the basis of the correspondence analysis, 14 characters of shoot, flower, cauline and basal leaves useful for differentiation and description of variability within morphological groups were selected.
Lack of basal leaves during flowering (which appear later) is a character which distinguishes P. collina from all remaining taxa. A bent inflorescence and basal leaves with 7 leaflets are characteristic for P. silesiaca. In P. wimannania, the calyx is twice longer than the epicalyx, while in the remaining taxa the calyx and the epicalyx are nearly equal in length. Distinct nervation of leaves is characteristic for P. argentea × P. leucopolitana and P. ×sholziana, while inconspicuous nervation -for P. collina, P. thyrsiflora, P. silesiaca and P. leucopolitana. A trait which distinguishes P. thyrsiflora and P. wimanniana from other taxa is the arrangement of teeth on leaflets. In P. thyrsiflora the lower teeth are curved downwards, while in P. wimannania -they are directed forward. The number of teeth on the leaflets proved to be most reliable. The leaflets of P. silesiaca and P. thyrsiflora have 3 to 7 pairs of teeth, whereas those of P. leucopolitana, P. collina and P. wimannania -2 to 4 pairs. Furthermore, densely sericeous pubescence on leaf blade and calyx as well as central teeth of basal leaves shorter than lateral teeth are distinguishing characters for P. leucopolitana. The graphical presentation of variability for individual characters obtained from this analysis is presented in Fig. 4 .
Discussion
In the present paper the apomict microspecies (pseudogamous apomict) concept was adopted. The microspecies, i.e. a small, isolated genetically, localized species population that is clearly differentiated from related taxa, is treated as 'taxonomic" species. The circumscribing of a given microspecies relies mainly on mode of reproduction criterion, supplement (and also verified) by other criteria, as morphological, geographical, cytogenetical and molecular. As a result of the numerical analysis conducted on 132 specimens from P. subsect. Collinae as well as critical review of taxonomic concepts, the following taxa from this group may be distinguished in Poland: P. collina Wibel s.str.; P. thyrsiflora Hülsen ex Zimmeter; P. silesiaca R. Uechtr.; P. wimannania Günther et Schummel; P. leucopolitana P.J. Müll.; P. karoi R. Uechtr. ex Zimmeter; P. schultzii P.J. Müll. ex F. W. Schultz; P. koernickei R. Uechtr. ex Zimmeter; P. leucopolitanoides B locki; P. ×sholziana Callier; P. leucopolitana P.J. Müller × P. incana P. Gaertner, B. Meyer & Scherb.); P. ×tynieckii B locki(P. argentea L. × P. leucopolitana P.J. Müll.). Only P. leucopolitana P.J. Müller × P. incana P. Gertner, B. Meyer & Scherb has not been found in the territory of Poland yet.
Among the above-mentioned taxa, the most variable is P. leucopolitana s. lato (incl. P. karoi, P. schultzii and P. leucopolitanoides). The number of leaflets in basal leaves, arrangement of leaflet teeth and strongly sericeous hairiness of leaves are determinant characters for this taxa. P. karoi has 2-3 characteristically short and obtuse teeth, while P. schultzii has longer, narrower and more pointed teeth than P. leucopolitana var. karoi.
A very interesting and questionable taxa is P. koernickei Uechtritz ex Zimmeter. Plants belonging to this taxa were found for the first time in 1863 by Körnicke near Królewiec (Königsberg). Using seeds collected on this occasion, Uechtritz cultivated plants which he identified (not knowing the wild-growing parent plant) as P. koernickei Uechtritz Herb. (Wolf 1908) . Morphologically similar plants were collected by Hohefeldt in 1885 on a railway embankment in Czarna Woda (Schwarzwasser). Plant specimens originating both from Królewiec and Czarna Woda, presenting leaf blade teeth that are long, typical for P. schultzii, and obtuse, typical for P. karoi, seem to be an intermediate form between these two species (Wolf 1908) . However, based on numerical analysis, the specimens (OTUs) originating from Czarna Woda as well as ones collected by the author of the present study (see Appendix) were identified as a separate species -P. koernickei.
Potentilla vockei P.J. Müll. ex F.W. Schultz is a source of taxonomic problems. The taxa collected by A. Vocke in 1857 (cf. Vocke 1857 in the vicinity of Nieborów near Lowicz was identified by P.J. Müller as P. leucopolitana var. schultzii, while Schultz (1858) in his Herbarium norm. Cent. 3 described this taxon as P. vockei (number 254) or P. schultzii (number 255b). After analysing plants, described from the locus classicus in Nieborów (collected by Vocke in 1857), originally determined as P. vockei (PRC, BP 165441) and as P. schultzii (BP 165442, 165443) , due to the lack of characters typical for P. vockei, i.e. 7-leaflet basal leaves with a divided central leaflet. In my opinion they belong to P. schultzii.
A relatively weakly variable taxa is P. thyrsiflora which may be distinguished from the closely related P. leucopolitana, P. wimanniana and P. silesiaca by its branched paniculate-racemose inflorescence and especially by its large, oblong, wedge-shaped leaflets with slightly downward-curved teeth. Furthermore, in P. thyrsiflora the leaf blade which is intensely green in colour is also nearly naked on the top surface.
The conducted numerical analysis made it possible to additionally distinguish hybrid taxa (nothotaxa), i.e. P. ×sholziana (P. argentea × P. silesiaca), P. argentea × P. leucopolitana and P. leucopolitana × P. incana. The emergence of nothotaxa between the taxa from the P. argentea and P. incana and taxa from the P. subsect. Collinae is confirmed by experiments carried out by the author (Ko lodziejek, unpbl.). However, artificial hybridisation did not result in obtaining plants morphologically similar to taxa from the P. subsect. Collinae, in accordance with results by other authors (Müntzing 1928 (Müntzing , 1958 Asker 1966 Asker , 1967 Asker , 1970 . Natural hybrids between taxa in the investigated P. subsect. Collinae are also infrequent (Wolf 1908) . The limiting factor for their emergence may be the low percentage of viable pollen grains in the anthers of taxa from this subsection (Ko lodziejek & Gabara, unpbl.) as well as the geographical isolation of individual taxa which prevents an unrestrained exchange of genes (Ko lodziejek, unpbl.).
The hybrid which occurs most frequently in Poland is P. argentea × leucopolitana. The size of leaves and irregular teeth on leaflets with a distinctly protruding central tooth makes these plants similar to P. argentea. On the other hand, hairs which occur abundantly in this hybrid make it similar to P. leucopolitana. Individuals found in the Częstochowa Upland where they grew among P. leucopolitana and P. incana were determined to be hybrids between these taxa since they have intermediate characters between them. Their strong sericeous pubescence makes them similar to P. leucopolitana, while their short central tooth, numerous stellate hairs and prostrate shoots resemble P. incana.
According to literature, the petals of P. wimannania and P. thyrsiflora are twice as large as the sepals, while those of P. leucopolitana are only slightly larger than the calyx (Zimmeter 1884; Wolf 1908) . However, the ratio of calyx to petals is not constant. There are also P. thyrsiflora forms with smaller petals and P. leucopolitana forms with larger flowers (Borhidi & Isépy 1965) .
The analysis presented in this paper indicates that the most variable characters in the P. subsect. Collinae are height of plants and size of leaves, therefore these traits cannot be of much use in taxonomy. On the other hand, characters such as flower size, plant pubescence, leaf shape, teeth arrangement on the leaf blade (number and shape of teeth), are only slightly subject to the influence of growth environment and are therefore strongly dependent on the genotype.
In summary, it can be concluded that the most useful characters appeared to be characters were found to be: bent inflorescence, flower diameter, width of epi-calyx segments, length and width of petal, length ratio of calyx to petals, length ratio of calyx to epicalyx segments, shape of carpel style, presence of basal leaves during flowering, number of leaflets on basal leaves, pattern of pubescence of upper and lower surfaces of leaf blades, pattern of pubescence of calyx, nervation of leaves as well as number and size of teeth of the central leaflet.
